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(b) at least 30% of overall porosity of said adsorbent comprising slit-shaped pores having a size
in a range of from about 0.3 to about 0.72 nanomeer, and at least 20% of the overall
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[0012] Figure 2 is a graph of volume, in cubic centimeters, of arsine (AsH;) adsorbed per liter of

carbon, as a function of pressure level, in torr, for a Kurcha 578-66-6 bead activated carbon (data

points marked by solid diamond markers) and carbon formed from polyvinylidene chloride polymer
- (Saran A, Dow Chemical Co.)(data points marked by open triangular markers),
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[0012] Flgure 2 is a graph of volune in cublc
centineters, of arsine Qﬁ&ﬂ? ngp per liter of
carbon, as a function of pressure evel, inton, for a
Kureha 578-66-6 bead activated carbon (data poi nt's
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conprising such vessel for sem conduct or manufacturi ng
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bleead pgrﬁrrquka&rff)m bt wetmpielilt formgl SapATIEFfhen t he
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lithig, . f f .
bk Tefnr P i b 18T Ok Y B sciveted carbon

afeitioy abing fﬁﬂgtdﬁiﬁ’dcldﬁf&nﬁfuséﬁ WARObdidr hirtC is OFHY G]ﬁexpected and is even more

activated car
surprisingly improved when the gas storage and dispensing vessel is of a shape conforming to the

adsorbent monolith,

[0019] For example, when the vessel is of a preferred cube or other rectangular parallelepiped

shape, consistent with the disclosure of co-filed U.S. Patent Application No. 10/314,777 filed
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relative to the finely divided fornms used in the prior

art, is highly unexpect eGepptSMeRT SYi8}F NOT €
surprisingly inproved when the gas storage and

di spensi ng vessel is of a shape conformng to the

agemRNY, Z@j@@ﬂi fht Bame3 Qf b@@ﬁ@hreﬁ@&an&gmh%l AL N eﬁsﬂ? Jose I. Arno and

vessel is of referre cube or ot rect ang U ar
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co B! cprdsaorsppsialp hsfhla@b)tquﬁdwwaw%twmkymwwbr parallelepiped
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t han. f or a orre 15 cylindyical vessel; i)
RLAN SHEIEF Ay lrffgwye%ﬁﬁga s A R e A A RO “scarless”

@@mmmmlﬁ@nmrs at the juncture of adjacent

perpendi cularly oriented walls that offer the

potential of formng voids at the Iine of juncture,

w082 Hi H hbdieers datdyainid, ﬂleﬁevmlﬂhaﬂth@Mctahgﬂn*lpéraﬂ@qiqmﬁtcohﬂoanation results in

cor
VesSél and

[ m&:t@etdml of adiacentryahisrbut mam&eﬂmthemg aldisadveatagd) aquﬁ 10wer density sorbent

fl#]erdcl.!'ég%gs: Iarglruq gfatt a van%xgeou? ?:@e/g?l{/rcgag ef? o Qc?nr&%ctzz%%te )pa ways rEor interstitial

[ dﬂsebscb@’cunaﬂaorbéd gam fh»ezrqmenﬁih@hﬂﬂamlumm df hewbbbnt did

anot her produces a joint that is susceptible to

rupture by pressure or force directed thereon,

esss:l w['ueﬂl ad%esvﬁa(vsmqesg ng%t%g {p?cﬁ(g S?r Sucbhx (’rl na rr%da acent the seams at the

- ri@Dadi bathen Iaedissle'amcws 'the aylindnidali eadel \ie 9s elinimu@0 200ps-sectional area

léongﬁﬁ tF’ %eGmH' tn%{n DEGrc B%Y@Mﬁr 1i {itgoqltcrx{(t,lnﬁscﬁgﬁé %ﬁ%&f the amount of

par ebl con ormation resu
sorbent that is presented” to the wall in the cylindrical vessel is maximized. Considering the

converse, the peripheral extent of the wall that bounds (is adjacent to} the sorbent bed in. cross-
section is much greater in the rectangular parallelepiped conformation than in the cylindrical vessel.

The rectangular parallelepiped conformation therebyﬂénables higher volume egress of gas from the
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.a vessel which does have less tightly packed sorbent

bed regions adjacent the seans at the 25 intersection
of adjacent walls, but that rather than being a

di sadvant age, such | ower density sorbent bed regions
are in fact advantageous as higher gas flow

conduct ance pathways for interstitial desorbed or
unad¥@Y2RHEs2Has to fl ow out of the bul k vol urstakovdnasasr
sorbent bed. [0022] Further, precisely because the
cylindrical vessel is a m ninumcross-sectional area
conf or'fEfl PBfom porprPoadingly sizsharindsipat vuehberruaniby well sefate bovdinfine
Ci r cureberiibs inmyn-waditing dir dbagoted, e th@dr® prporti@blly n3f 0SB 1R Motangular
that icanforfi@SERL e oltd mbrBi® V&d shrodntbed, RS ﬂ%llé el éyﬁxﬂhcal vessel.

vesselagi hﬁsum lieggrb%@éjs at EE@»CL% k’e%?x{; ks ﬂ% retadgc%beg “?1?"0 ts “aﬁmgdfsé'ﬁ’fwe

pery phgLak. oxtent, of.
to)” the sor ensf Be "mh %Fﬁ%dga%%@wtﬁﬁrwg%‘&f@ﬁ“@e’éé@er

in the rectangul ar parall el epi ped conformation than in
t he cY4023h dyrithesg|reasprssbetbetangulihveraliclogiicdivtgpt] lo@iformation has particular utility

par al lfehdiic pedonaitinftn HtcpRca HEHaRY nSnak Sl gher
vol une egr ess of gas fromthe V\D 20041052507
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bound Y “EhB Be&ur SEhtekspsigks; disosnboplesates &t ¢9ntragistingtion o conventional
chlr arelyrdividedrforms fuclyse bads, prticsogranile pellch,yand iy Kike,Gfhich bre pdflerally
the r edibed Righalfohi of a 643 0dnDASIR b n@P1AE HSR beadd arﬁctl@ gt%fe@ﬁellets etc.
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t hgn tewsilen: ojas adtive sbr@t i Rtfesh oQforof® kb @NS thO Eortledd @uaterial and
SO betids 192 flay hhv0 BbetdrmbaQN thd B Sifbedds BASRIS its rddGeidz€Ct @NQUI ar
par al | el epi ped vessel conformation has partl Fcul ar ]
util ||% f or hal.di ng .the nmonolithic formof the
a

physi aagese’ffénﬁ?“u in P18 SPRTF TP 2 {OFi Beriee &, dispenting anparies,
used (ﬁww fidrptsreen dnd figpersingesmh bavieh @t intgrkvevolone, lybadin the interior
medi umlunsconiyins apmdinalta&blyenabrpﬁ%!ﬂ@tlﬁmﬂgla kf{ﬁd th:frdaﬁ 40l frédn Hhich ﬂl'e Pluid is
t he &Rl forltlsQedS frod b Ges, anql Lé:fo the avcsapl for
;:g::lt r&g g d&gr{:ed ﬁuui Ercpm &eovré%/se n\T tlaré)mn !gbentﬁ%qaqng:f %monamc
the | Yﬂﬁﬂ %Wbﬁlf ‘Ea“géﬁ‘é‘i‘eﬁ%eﬁ Vaufa# prie pfie fillpwingteharabieristies: o f

a bed conpr|5|ng a multiplicity of such beads,
parti cl @ps filgkmiietred fiekslne§adat 20¢ Gud prodsurelof B48Sorr thdd isteldBer than

bed formzgf eEHs‘L:LAeBérﬁterfoHH%lh .divided physical adsorbent
eI enents, %e vol d vol une the active sorbent is in

or part interstitial, or inter-particle, in
cﬁ r act Bt leag3p% pfiqysrall pososief wig sdscabent premprisisi sHesheednoms haghznsies
and packiingraote psfdmyabof 0.8 leceb@06. Reatom@a, shd 8128 209BYf the overall

cont r ast ,porbsily @msARRhibrdpbresor dimeth< 2 haorhefl; HPT d VOl une of
the active sorbent is in formof porosity intrinsic to

“the sor b and oi ds _t hat have been
formod Ol B S B mte S PR EREeE 10

[ 0025] Tﬁ@mp?@gcémlw pifipepithi@A0 1 mhowy hierars peabic teatinatees t o0
a fluid storage and di spensi ng .apparatus, conprising a
fluid storage and di spensing vessel having an interior

“vol unme, wherein the interior




~volune contains a physical adsorbent sorptively

retaining a fluid thereon and fromwhich the fluid is

20 desorbabl e for dispensing fromthe vessel, and a

di spensi ng assenbly coupled to the vessel for

di spensi ng desorbed fluid fromthe vessel, wherein the

physi cal adsorbent conprises a nonolithic carbon

physWO04888Fr bent that is characterized by mhrussesisesr

one of the follow ng characteristics: (a) a fill

density neasured for arsine gas at 25C and pressure of

650 t d?{q%lﬂﬁwmplém@d@@eném betimthe fouh(302 gl MBnobithis hdsrEbesp @tticls, or a

l'i t er rofiplgtisd mbeiic adRiber: Bjicleat Thb RSkt 30 96 Qtabp Waged ol conform to

POr 0Si theyintebibr valake@r BASRY RSBt :1GORPRda SLAM bl %&&{2&8}%‘% 60% of the
u 0

por es ;hayi A 8l INg2 f. . fromabout | to
S i L MR A
por 0si 5 o PO MEHiec R oi5sH S cpiomentof e aponolithip adsorbent in o
nanone@teBreY recingifar Perjllelrripgd shepedoesed itfvail temghreloiytediar B iehin is not
and ot irited, and itioti@ ds@Mhap@ tind E@ﬂﬁﬁﬁoﬁtcm:ﬂtﬁ'}ed,*&gl «gﬁ}{dﬁcai-shaped

1000Cvosseh @xtteRgapa vistskrubl&Rihilhpe@esshif QM about 0 to
about 10 grans per cubic centinmeter. 6 WO 2004/ 052507

PCT/ U?@%g:’f(} 038‘}%.}7@ [0026] The monolithic adsorbent can
be in'ThHe TOFRS 2EoRF a1 b S5 81 hetphplesis Rtpdust 95 emngreanic resin, and
ar t4 cree sgerally cagprbg forgsfl ifen ty oitablmpyaizible Hha@riAGSGr 48 Gt example
arti cpdwinylifine chird&opteRbmahydbRsis, phijtabalyy aRARSSmt fells, poaat
conf o&ugﬂnsrpeacn 61l A, oy IR il 32 3Eheodof e M il
it is; ref erably occup|.es a ast 60% .
of s HeRAPR R R Blnbl S il o o] S sy e
to 955 8 AR 24 ter i Gr ogre] ahien intpgiepdants theloidmipregvimidalimohsing
5 Hi s¥arsls Banarmiodimfny e ydsdrigt bis it &efist 20% oflitipobosig B Gies vaf: & diameter of
cont alessmeinadietdedle nonol i t hi ¢ adsorbent in the
preferred rectangul ar parall el epi ped shaped vessel, it
Wi | | reciated that the invention is not thus
i mit Eea%s %%a%f*ﬁ%tm%f ?{‘é"%t%%%ﬂé‘rd Sigrfes o dispgrpgige vessel as a multipticity of
conf ot e Articks gt seprpeptelyy congtituly the adsorbent mass. In such multiple
;:yl i nEmplitad arﬁslha‘ﬁ%nenwemeﬂ'l&ulﬁblaﬁyro&hsg@@aﬁfﬁﬂ%ﬁﬁﬁ:&ﬁk Siicles can
r20St ReQNdnghat & BARED. MESERISs the@lidht of 1ODGH! volihEof the vessel, and a
nmonol j. 4. _ be fornmed as the pyrolysis
pr odugt log;;;%%fg ?"Qgﬁ%e&“%‘% (rabsIl iR Jsgtﬁncf gﬁrﬁwﬂﬁ’pé"%gﬁéﬁf’%} frgp of the
can b&™ T orfed™t PEHISHSS deitmapibic firtiaybagn retpmipeppllpiped
such e proftermaiiishyg | clindried oy efiienspiiablel e, Ehthomieghe yolume of the fuid
phenotostonddibaaipyveles], e SicRs modithiy dridfed dif 36l1acddif FAHY longitadinally
C QS ONWire S Qlrk ’conﬁéaﬁﬂ%tad'acéihﬁclntlﬁﬁc %Eﬁe?sh !n}e.s boglg?%eeach of the
st onGsy Ral yael il onld s Le,. and, pol yacr of dri e CHire
adsorbeht can De FOrned -~ it HE™ 9 rrsgeediog dinguionmep L/D, that
di s pehSITTPH '8 ahapt 20, 55w i e2hee phfeomfabogtiddo aupuit 15, lesredt ipthelgigth or
f or Sulyswi dimemtionth Gpwmstitigrbon satent artidelbn&D fstle tr@kvedsd W@ minor axis
ads ordakton, GadRo e exfbOd iR ﬂlaxﬁﬂolﬁhﬂ%ﬁkorbegtt R Uaﬁ%gre L g{scosha&)g Sith

QU T e A

enbodi ment, sor ben S 0% of its

.porosi%% in pores with a dianmeter of |ess than 2

nanod¥t% Tee fluid in the fluid storege and dispensing vessel that is somptively retained on the
adsorbent, and desorbed under suitable desorbing conditions for dispensing of fluid, can be flvid of

any suitable type, e.g., fluid having utility in semiconductor manufacturing, such as hydrides,




.[ 00281 The adsorbent can be provided in the fluid

storage and di spensing vessel as a nultiplicity of
nonol i thi c adsorbent articles that aggregately
constitute the adsorbent mass. In such nultiple
nmonolithic article arrangenent, each of the
nultigbi@#&y of discrete nonolithic adsorbent articles
can 2 ey | ength that is between 0.3 andPaT/ps200p038437
the height of the interior volune of the vessel, and a
cross-gect i onal Q%ga that is between 0.1 and 0.5 tines
the rectangul’ar ¢ oS = CEItEBRLE- dreompoe: g, psshing [phosgene,
Each ofPffe 55t i2tenisj ttilincp hyduies euifide, dydmpemobibida, Idrogen telluride,
art i cl weougeie, adrgenaynide dyigeibs, daamnd hyah@D L@ cnot RN i,
or al t erondtabdiainy cpbids) s trdafoRbanR borPller SUi tabl e
shape. In the interior volunme of the fluid storage
and .di [ vessel, the discrete nmonolithic
articl @@9’2@, n H'%%m ﬁgfeés're le‘i‘lmltb?“"é% iR EgotPbap: s tetmpsplego or super-
abut t eTPFHIE BieFEE &8 0T tlow g oma e @rtrangef dbri 85010 torr to
menber Hout 1200 oneeserviio el range nf fone@ain 2006 fohsout 75ikobri 65 shtGinbsheric
of di siedssi EupiDIR Gisds tonblpl!_ﬂﬁiﬂtﬁﬁ& ln‘_%ﬁer Ql@:fﬁno@ph%rﬁ gttgsw?a aép%(f*a};{ogm

[

cross-sectional dinension ratio, L/D,

about about. 20, e.qg., in a range of from about 4
to ab&ﬁ?hl ?wﬁﬁg?émimf§%yﬁﬁhﬂ@ﬁﬁﬁﬁa bed fherpag reanglie feymed of any
di A nSTBHe trsel psieriafe) 9b opstprticn. wekirabueialssEp et stiulebs seblSaluminm,
and D cprpert s, bromn sudedlis® tereoffYEIREE, caitlics, vitkbud BRSHR holykds, and
anot hesmpesbeaiigent , t he nmonolithic adsorbent article
can have a disc shape, with a 30 height to dianeter

rati01m$4qm Lhat Lsffron1fbbut 0,10 to about 0. 80.
[0029] The TTUT ¢ PH ENEITHRe wispp geomin aethespreificuidgrorage
vess e[ direpsine aprlisgiopt Thy adssp! cpip foadumeld, bonf strengulageobaat shape,
and déserddeloheunvtarallg upstualnh R @80 E BinddDere093dibd, bOBSvelsQlean be
i Spe g o binthos 28 3 bl oo in AN, SHLLARL

type, e.g., fluid having utility i n sem conductor

rranuf@%g%li n%, Sé}lﬁh as hydrides, 7 WO 2004/052507

PCT/ US2003) B3R =0 & f2fadon 4ifges 8 plysivsbiesetat of eongliicelomsin «

r eageffftagulas paplictepippd vasseb definjepr aydosed intedar SoluRe andHAORRRLOS which is

ﬁh ;sgecm}qd a f@ @apggﬂfgﬁss&w rm&aeﬁlvadmaigé & gaséﬁoimbdaeﬂ%«;sel. The sobent

Y 08@8mSMInS kbl ko iraon Srovidly SR Chpecisy for somtiv
i KR RS R Pl R KRR Dy g

tellupid ni t.rous. oxi. de, [
oxi de B LY v i M U avfily e Rp Blron s BB deprain
- f 1 uor PREOmseFId s9ob Wit caraciyrTsiEipprd deels baatiooi. iz pRebiaik fickotption of

c onpoiifidly ads@bed §030] hasln eppfoprisie Shrptiva afithl foy BSSEM infAR s low gas

St or effesfite isafataidd it R HlBor AR SRRE Ledofturind U2 ric or
super- at nmospheric pr egrsur e, e. gs.e, mg?g%sgu%%g%g‘{&gw 2500

tap, lﬁf% as, i.n % range of from about 20 tort to

about' 1201 ,"P‘HF‘“}:)‘ Egtey frercqopiange Yidhhgrogspt ifvension eabbaf aRQuitable -

ton tEPrdiBsdRmPBon the fernf abplocks sk, vpdspd eihils€ fornfd bR SAErB:nt material

su g plttyat moérgﬂﬁ #8eguniciiirat Ok tﬂem%h AdMednl @Jﬂeﬂg%g vg,,ti@ @J_[I_that vessel contains

SubalddDs @ &l lnfembld, €2 54 fran 3P ; ety Gonorihi
Tk VAR i A

hol di t he sorbent havin
can bag‘?g’% rﬁ‘r?e‘%gl%f"”g"ﬁ% s g ﬁ‘igsl"laff_‘f'l“’@s Rpawmdhan feledisorte papplithic

of ¢ HEEr ten P8 prefgrghlshno eorentpan dtussufhearigles, argltnget| preferably the vessel
St ai riPrésa sile @bnolitsid phpsica bdsgrbent article.




-~ such polt

.copper, brass, bronze, and alloys thereof), glasses,

ceramcs, vitreous materials, polyners, and conposite
mat eri als. [0032] The vessel can be of any suitable
shape and size, as appropriate to the specific fluid
storage and dispensing application. The vessel can,

for exab@sisge of a rectangul ar parall el epi ped shape,
15 being of elongate vertically upstanding fdfGHUSHPYoR437
a square cross-section, or the vessel can be

cyl i ndrpossl Thibfige Shek ~sectiqn, or in any

ot her %g%ggﬁﬁgn%ﬂagéggwegﬁ?g{%ﬁﬂs‘dF’f%r? “f@ S Yoirel gde(s) an
embodi nent, the | nven Prgou pomorsia sizg ¢ te fip interior volume of the
adsor bent ore" Y AigeIsbyeeEel e fusfae srbept maso themapollita article(s) accupies at
par al | érEfséle ebsekudehs vaisd grobralt D ge df BB buP75% to about 95%
vol ufre oftirdnihisrwbing: obsugd@éstel t 0 Whi ch is coupl ed a gas

di spensi ng assenbly, for selective discharge of gas
from t bifsey 8886 ka as NS, SOr hent 20 nmedi umin the

nonol | gpii:g orm. of THandk & &R i it bt Teofibyy tmeyas such purpose
suf ficlent  caBAd trrdeesrmppinpef aomtnisnti dnt ioh lduaer oerwiso
sorb af®galm pitttheh Hewsseladillguandsiityextad gRelo JRSIAL RE duen the
rel eassgf gas under desorption conditions, and good
wor ki ng capacity with good heels behavior (i.e., high
ext snt pefy FeRQLDLI Q0 af . initially adsorbed gas), and
has anbegléé]pi(rieg P iua&tbl 9@18%&%\? e gf”l"#“ﬂ¥“i‘°§°“fh8ﬁmflﬁé“b§§m’b¥ﬂdﬁcan
i ntereSt” SO°t it enBl et rehetmecp P-bagd 49 ok o gt ot taiivgiok vbitne of the
t he It EEEF ’I_:?fa Zg’f”ﬁgq[ mﬁﬁmﬂ‘]&tﬁi{t&g l:gg&ﬁﬂicg‘l,ﬂ’ U.;Ié&hxm;é @&e&{n@l%m&g-swﬁmﬂ
gas of e vabl, noli & Sy en n

accor daagingink Rolhdlfic F&Ea@éﬁli Jovent ieoﬂnf a %m]cl)e?ep%efi]ﬁhap‘f’ for
Sui aqjec?aggular %P'Jegf]lig% form e.g.,f i PhEFloff B vésel is of
bl ocks, BrIcKs, Bouf &g Berigseh of & meselithiemenberstoing be laterally and/or
adsor DEFTIRlY ptiedip surfach gpntachwits sdifcentmBolE neARRBAS Al Golume of
with Ittl'?e'esfi Wlietna§ tehriag e iasekedli f@em&m H DR Skt mﬁzgmﬁjbn%&bm
vesselto BoihdottSof soBiN&1ifdLrs, FiuSdE r,.e4g. ., less
than Z8uioBLS: H185 8Lah stutl ess s%eﬁdga%dﬂo?m%ﬁé’% loafep! dgogthe
mogpl ithic arti ol e i dipdeniie fricfne pidsgrurgieopiad to at least
thé vessel “ESHERI Hotorfise entchmteigialamivssdictk@lts@tios. In fluid
monol FPREC Erdaregsing veeshles shagvelar b tubic Riofl:exaiiny padfleldiiddChapes,

t han e uonoitic korede bitgde Sy mshegsh%ﬁipfoﬁie@{o %Mfo\é? tN& shepe of the

VeSS elnterids QR d3She FesSi, N nol i;thic physi cal

adsor %ﬂ%icaﬁghg .l 81_3{\%'&?5%% 8’_%5‘%‘}‘_’ Jeris Fosbante of
[0035] The nonol i tRIEHE pdsreptariclys e corpraising; arvertidabstab afidle-
st Br atf@Pehediesef Cipdnaticph hayios davieterypruthicha(s8 s papheryAQE BYIt@se
sor betfsselfmgsse trbxintity ioshe pigdf i el YrnspfokaBd i n size and
shape to the interior volunme of the fluid storage and

di spepgsen at the sorbent nmass of the
ool L peas ey 8ot B od L e o0srbped s oo
i nt erior “VOT AT TR of trgey et is usreded badsbeypbisial alsortat gRerials
of f r BhEcasH flassd/n tegns abibairtsurBB Yeea Hailable thi@ptivél Bhihi e working
_Vdp unms @@sorﬁdtbﬁf. hndviess @:lrﬁc_[llgg)%ﬁi]s whth 5B QY SQr?age t@groh?mesrai.tig galave cen
nmonol doﬂs;raérﬂsilzﬁ%ﬂ? @Jper&r b Ibgllc %tmstml?c assl%c eagé hrirgfs (Il.el.',I monrir)% ic ]i‘oétr:s)
vmge %wer apparent surface-to-volume ratio, Thus, one would expect intuitively that monolithic

forms of adsorbent would be fow efficiency forms, having a reduced sorptive capacity and working




'\.‘1.\_'

. be formed in situ in the vessel, e.g., by pyrolysis of

an organic resin that is in liquid or otherw se
flowable form wth which the vessel is filled to a
desired extent prior to pyrolysis of sanme in the
vessel . 10 [0037] If alternatively provided in the
forn\f "y gﬁ&ple'nnnolithic articles, each of such
articles Can’ be provided with a |ength thatPGTs2003/038437
between 0.3 and 1.0 tinmes the height of the interior

vol unme_of. the vessel, and a cross-sectional area that
is betT®2% 0.1 and oO. 5 tunes the rectangul ar
cross-sectional area of the vessel. Each nonolithic
menbe @At lnakeen dscoveet @ivgel Bit a RabohdGkRl PO RS fs;gma,-
maxi mddrdpgre E&@me\ém:oﬁgﬁﬁd’ﬂgcﬁeag %&QE bﬁ}fwﬂ{: Q%ﬂi aﬁr ﬂléﬂgr d&? e, g a

of they I orh S0 b oul S0 ct'ang
IOar Iﬁleﬁéggﬁgmé ﬁé';}, v%%)?%l n eg)é’ ‘%‘7’ f?ﬁleB‘Fq"ceﬁity&“he

ers tpaysuchhigh drpsity ponplig vthepcped ol a|piysical adsorbent-
ab ut t &ged g1 %oeﬁs? aa@:@spwmsm priideha Srtkjng@gmtemennn ahss bfgisdsorbed
e nbe per ukitvoliuheeof iheso®ént i fompaobiTRbed b beoll RBoVESSEI .
Al ternatively, in sone instances, it nay be desirable

for t %4 %@cﬁﬂﬁ m&ma%ﬁﬁa‘%ﬁﬁﬁmu@ oé‘éhf Pr\ofs nl? eﬁl Oﬁagzred&%?sg brlgck,

of sol l1n der s

nenbe%’ié’g‘b%%/ 8 (1 cburferse bl hities frerdingefoming, 3.07) ghareoter
t 0% afffEi ey 05‘%}1‘11%@5 Frtedve fandll Somprefindly grefea hin2 gentihed®. For
sur f aeemplaticloatbon rvholith@agte n2kd qaa bl madomym@mu as AR HEH oGk
I n faekrhi@ad @@@n}ﬁ&ﬁgcﬁ&iﬂe {/Dé)talec!ﬂ{er 59 ecﬂﬂ glggr havm ahﬁ:&m{k density
Cross r&%ﬁrgdvgélvm 5 eg o tE d%ro t (.80

dlspensln vessel s g?mﬁkﬂgf ?ﬁﬁﬁ gﬁﬁﬁéﬂﬁPmﬁﬁﬂ@P
r ect alGUYEForpias Fei @@bm@wmwaqs@y heel) prid gorqyertyesity thabs sy fFciently
soPbels tonsue tohdy g Yapidrmip ads@ptiocond espimdi ngly forned to
conformto the shape of the interior volune of the

vesse lOMIFQIron%m& thatnla lltLJL g#bgl Erge%{ £HE: un«'erF| dn ggh%&[e g n(ﬁ&ga%em

vesse| gan. ric

adsor %ne Nt “ar tcf“g " ﬁ’ézf FeprrRYip Ph E‘“i Y gariecetpaded sigiege.
of di Yestgkead Fﬁaﬁ&waaﬁcwe espAlly drariny b Fhe broadpotiohe thi ingntion are

-di anelogy add (H:BP:piseilpmi etrabriatel (N8,B0QS kol ls¥icale QNLHES,) SRARET M

of 20t hgdropeeoBhate (ialpe) 0OSE proximty to the facing inner
wal | surface of the vessel. [0038] The |evel of

inpr L at ndant the use of a nonolithic form of

acti v @ge mﬁ% ?a?bé’? 3‘}5?ﬂ?eﬁé’ft‘9’esd‘i‘ fodE grprasep heveip dpgh to cross-
for ns“"f(‘}?na‘tdﬁ@ﬂsﬁ’la fetips L/Bythat if fpmighpete yebmmeld, apeaus ol fpsisoah o
adsordents, whet B fsiha lefuth oPdifor GB BiRkmkbd oym&hoa&iaﬁc cA:&QsoibEht ifete, M

(r)f g ta:'I?tsrthesﬁfﬁst'e?sggr r%ﬁo@ i fthdioRt ﬂtt &{ﬁ at e tagle Xl?]nohﬂnc carbon
ot iR RGO el O o 5 5 msreres

rati o“"pr'i“é{?@tdﬁééﬁh"‘g@on3| der ed inherently superl or to .
bul k forns such as bl ocks and bricks (i.e., nonolithic

“for ma[90431 hrapetfgd Aorb AMErbHRPBH@NforSids fpﬁaﬁls Bﬁduy@&fléﬁlf& A, Saran

t {
irgnloa{tf ouE e m%eq sorgﬁt b%é“}ﬁ{n?\g’g’"?{eg % fcf’?"g?‘g‘hcv

fo
 for nelrReRRoRy ﬁs&aﬁ%wswm SR §f s ekt anip

9 3°V‘D r%@@ﬁ#"@@?@@ﬁ RO IJS2008/:038437

10




.capacity. [0039] It has been discovered, however, that

a carbon nonolith may be fornmed having a simlar

m cropore vol une as correspondi ng bead carbon, but

with a substantially higher density, e.g., a density
in a range of from about 25% to about 80% hi gher than

t he 5&? density of the 5 correspondi ng bead
carbon and that such high density monolith WHEAEEH7
in a phyS|caI adsorbent - based gas storage and

di spengamowsy Site Sy L KI0 rove

nass olf% Eleatg QEESSEE‘?&B cggrgejo?%urﬁftfhzsv%ﬁmu 3 fg‘f“ﬁ% 1(‘35? E]’%‘hfb“t 2
in compaf I son 8 ck%l&? E5Foer 8 2 adioR &ties o oieyRne Hiflosiersbaye their
monol | FHE! FRE © foystentfeat ibprerartiongltettriigporoblubd s i @G erial
i nvent Fréired mpdligheargn OSS1t hieligdfor suckuQ6 hadd Wkigh HEPonlofPoldBe.p,
as bul diefsO0RBE pospsitf; fnlile @b YoichEoYd, n% AT T oENe] 5%%&‘ ﬂﬂ%&m(nzgy be

such nmensi ons

Yy, z) s@JHQs ?e?etceﬁc!é fo Fighre \gh%rcg'xgz} gt Wel%t ﬁgﬂonzmmonde By

reate
ge nti rey 50r el hff 3':%%?% fgotiop ?f@“"if‘a? ‘E)"G'nm F?Brfﬁfl @ ¢ Frgmbptsiactivated

the f ORGP SRR by polifyidmguictatiers) mmisii) natehe fofremmepolyvinylidene
pol y mehipriste polyhveri(Sas s, DoweShefpicd! Fa)iday dotntl @REA SR EquEEmAEYDC)
or other suitable polyner, haV|ng a hlgh bulk den5|ty

S or.de
éggﬁt L{% A’Mn;ugh ﬁﬂ&bpgx% %011161% Isg.m orﬁagt cntermB foE iecé % f% f@r use in the

with AGH g‘\ﬁo‘?‘k‘i‘l fﬂs"é’%f'b éﬁﬁﬁeﬁﬂf( B GHFOARCTIG FIFBEG vSumariel desivhly
heel ) “ﬁﬁ’a‘”ﬁda%s sfopst i1 6% vojumme Freee! aicsprmpHafely odmpandloy vollfo fooér
to enstuiereebely Taghsorbaip kil Angty AEA Ec@tﬁdcmcoﬁad,mmely fmportant.
desor pb iR Bud, the@Bdblithic Laﬁo@é]ﬁn%%o er]:? m%ffum Sroe !:h%?tenrs]ljngc ‘vessel

caqpor]l”ﬁlpﬁpegltmlo the invention In
agent TRE™5% ve carbon to minin ze deconposn tion

of the sorbate fluid during extended storage.
|11 ust®48 iVoid vetmedo i Agd agmntd disastng 0@l ib@cobtdk Witk Yie presens
e I’Tp| oy:edndn,rm 4 fiGer cRBDimpHt, A6k ﬁoﬁrﬁce@ifab&m % b e GIR MOy Rlufie of the

bor i ¢ v@&i, sha %@Mbly é&qdmgs%ﬁ A SO ﬁ']de%\% tﬁ]e ozldhthic carbon

sodi um.si.li.c 2SI rogen

ph os N 13(1 a%EI s%%ﬂf B maipam f?ﬁﬁ?ﬂ‘e velppecn E‘é’n‘“ﬁ‘ﬁ)l’?‘ volume
ad@or PeHftorbsnt tbpsisy wd o Tighopiperin rof o eveltmeciaing fravitandrropaangthe
t o cr esfma®eof honabpods FRMSInGdRank, adith Qe pdods Beingt d3d@bbiy sﬁt-sﬁa!aéarﬂa

~ about pravide GigRdaQtbtion2Qels, BINEht @Eﬁl sk [h%fﬂﬁ 1 p(Jn%mIaﬁoQ M&Q Wi 2 réady

t .
i ror 8 i MR iy LISl S5k BBl IRl L o

and Dis the transverse or mnor axis dinension. In a

speci M€ By esivition tof cabencto fogm ekivated pachors e b @ Sridened at elevated

ads or bemriatuie S fEddn@l@cla hoB-odididhg fg'.@ Tl & nit) ge?f fblowed Bl &pRure to an
Cros Soxﬁﬁﬁé ka@ BuctP\| Q;(-};;&Q@Ete E 6ﬂ61tt ?:.H%FKE % tig cosiin%jm a non-cxidizing

appr oxj mat. )
nonol % Fce cﬁa{\? Ei’of’lnt“"gall glf E‘QL‘F FP%'@%“HW’HF% pagtrolled, since 2
pr od (R devefof gy o payses wigpying 9f *hm%m‘@h @ in®age dnmicropore volume and

XPR- 1887miEkt Gdut®R o DolelddBe: honopol yners or copol yners,

D)

~as ultram croporous carbons having a hi gh proport| on

0f30 sl {bd48} Sﬁ@ Qﬁghtﬂp La5n aglorb%m the mqf!snrtggl can be sﬂltab?y fgrmed in any sultable

manner. In one embodiment, the monolithic carbon is formed from a polymeric material such as the

polyvinylidene chloride polymer commercially available from The Dow Chemical Company
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. VI
_ actlvtggilmgnqedof arbon fo form activated

-30 range of from about 0.3 to about 0.75 nanoneters.

10 WO 2004/ 052507 PCT/ US2003/ 038437 [0044] Wen the
nonol i thi ¢ carbon sorbent has pores with a dianeter of
| ess than about 2 nanoneters, the nonolithic carbon
sorbent is able to adsorb gases, e.g., boron

trif lvapfb@ersgrabove their critical tenperat uﬁ&n{sﬂ)oﬁd}sa 7
extent that is proportional to the m cropore volune o
the sorbent material. Preferred nonolithic carbon

sor benMidtad, IB? bl £ QBarS N@hoﬂé&?&,ﬁﬁpﬁ?ﬂé ﬁ%lg’;d Risft, pressuce, 6,8
Pr OPOT fids@ irQfran . eas, 0 Qf .pOr osi t'y,
int hei g ghenmgeg;? g"%f'oﬂ?‘gf;ﬂé‘? ( g?(gfﬁr RN ?’3‘6’8‘%?{) et Square
range. 1hi's eflect Naj 58 SSEen 4y oqrertur € fen stow 647Gy elout
5, whi ChCieg & tigomes f ot JRF. Glirls pidesss giodaersa @bonlb@beatmaterial having a
trifl veeldyderes@HB flensitp (i Oh D@L REGs ddofb @ e.00 fn 26, ROMor 0BG A, 25
funct i shown@fthe P RSSHERs Lk g¥el , In tort, for (i) a Kureha
bead activated carbon (data points marked by solid

di amonggegker ), . and édl i) carbon formed from

pol yvi'nyl'i dene. CHT oF I era %7 fretion sampsst 2 Agnifogpygeparture from the
Chemi FEPTY by pripa fh Viihibpptoglizefiefinpliedvidey pastiolbsi sehsigjbralt stivated carbon
mar kerkejng a p@licle 0RAE} ofg;;lh $mms ﬁaa@@ﬁig;!?m;:wmm&a 3F0.25-2.0
| NPOI halRhetesl dr WliEN, Qe of u@&prrHE catb@] HHa (%E Wﬁ%%cé ot us
the QRO IEh t systens of the — "7
nvent an iR SRR RARHSA AL b R g0 b vt
mexi m 28a g &Ees 1 OFG APl >F 198 ty fvemie spglisttion fogls, in
appr ofSTHvEetien Vitheelimagen ivelvie repstitivechamivrptiogidesotplidn@tps p@ibrmed as many
ads or lpefdttimedmi Quinn, Bt Uadmes: 5,81 520P didkevd GuitthRArdpdto HoRtmS Wiekbe

| NSt ABCLmD BERPRSvoRNL 5l R Wik To.this end
i P g ng{%gé%@ g%scgbe%t’o e P s gt costly

t he thic.carbon eli ) )

f1 ui %&%?a% et GG ﬁ%‘gﬁ‘g‘“%ﬁsf@ high-pigssire, eRffiomes pplicgtigns
enpl oy e¥ 252 a)S. YAsricioptisttiomAublcpion VR00RNAINBL At divclasghanptimal
di spepighen gprassiardlie sdrtiate g6 EQUiEkHRECR: Ml “bdintfollBed RfiAHR REage vessel at a
| NVenprsas in it rdge 8625568 G00SHN0 SHolBEY psi &

abgut . 40X%0f the total int gﬁqor volgbgﬁse’ gages%' ﬁ%ﬂa@é@ﬁﬁ}j{m
and nore preferably is as | ow as possi ble. The packi ng
densi th of the nonolithic carbon sorbent is desirably
as hi Bl e iophess prigg acppmestiosrtiemaiolithio pehoe soalt Wibe Mresent
a vol mrretiopérforvel e 2ebBipolatkEo mRAMAL & HAShoSmerdAGcd shth Hhong
pr O Ofolskfacad oo robOletiiclR) ks pllyrhlyl AL LRRE! ES, poam
The  GanfOLIRLT QN S%]fmtgleacr%cr.gpglr es 1.3 al SO 1 nport ant,
with fhe pO{d,es’ ei’ng  qeSTT BT PRYFY 2w tafie dit b PrespioRoidale
hi‘gh HaSSrPt Tom el $out BP0 nyist hiskes, tavied dpressere-midet! “srebreresin”
slit odthdE puelizedl »f trrpentirebes 1000°C prafe@blgl Yot exg@fing:RLEDSE, c.q,
under in gl@6p0 bfiHoin @dut @A Abbi@$VB°C, 84 Hore d:re@ﬁ:ﬁl?fnm'ah% Bt 3k about 600°C
P €S SHERut b@NC Siei® Pindnb i QrblG Loar@ar 130, g]?deg’sg* 08 8ﬁta7blyth%{‘mlluggzr

pores are i Hens gf dseuns ppliveton; Manelile sabar eortertp ysefd in the

- priésdyietse effthe groyew invagtion diFipde fhgse brains STGNsIYSMeRIréd fRGRIR gas at 25°C
f ol | onedpriayre@R 50 Bt ittt if 10 e:@8s of 400 grams arsine per liter of carbon adsorbent, and

preferably preater than 450 grams arsine per liter of carbon adsorbent.

[0051] The pyrolysis product may be employed as a monolithic sorbent body in accordance with
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.oxidizing gas such as oxygen or steamfor a short

duration, and then cooling in a non-oxidizing
at mosphere. In such activation, the level of bumoff
of the material is carefully controlled, since a high
| evel of bumoff causes w dening of the pores, with an
i ncr j i cropore volume and conconmitant
re’dug‘?‘?g]?#mo Wparti cle density. 30 [0048] ThePCT/US2003/038437
nmonol i t hi ¢ carbon adsorbent of the invention can be
sui tabwpr&miﬁ%ﬁoi{hs%%mﬁ?}[&ﬁl?l e manner. In one )
enbodi th nol | {NEC CArDORFT S0P §Ptrd = gyug produing
o y et Hbihis clfon KpbEe plahetxdnYimioopgeey vt 1 Hibmeotion, o, of s
chi or i U PE1sHaetnd eefrbiyat loeast 40% ofeedsity b KlisshfpedporsT R@inDOMe in a
Chemi cetee ddimpalyt 0.3 SlabdD. 2 0GB DelenifGl hpbiS2) 03/ DRBASL, and
(M8 o) 13 250100 At 150 i U U i <
pressu srm%ﬁviergif;_%1 r ég%ag 3}0 %?can Mkt S‘T%i.el?f"f’eg% (PPa &r prlocing the
square £nch £8 PSR i Poofstitings opéteres g atheswise wngthing the
and t hEeERsHe Pi/beserbont medium fot sdepepion/deyerstion durye Hetegsinpls, the activation
t enperruteesy @a ipfudd heging in Doobxidhii @gltsﬁle@b.@.Wf nitr§3) fegon Gietfim or ofher
on 1t henopscieng BF, ABRE by A of'tl BnRhOGE 2o déé%oes% g1 i &
car bor]:arﬁ&.rdgg&tor%%“ erliefyu?aw l’i% as i }gnrgeat Y o ‘%re Séh d
fill density (viz, { he WETHRL T B Syigine R fgp-pristing aimpgphere an
in grans.e fﬁé‘i’b SR ITRIBIET (o P PFOPHyPoratyre). Thelgpepifios jof thet daéyation process,
gr aphs-Sote tFingehirelgvek ang Araktidh of A Q4ive Tikpe cafiedilly tidirined within the
car bp?ﬁggﬁhggﬂlbut ;&ﬁuetefp&uﬁg i eﬁﬁfﬁt Iﬁg Sﬁ@lemt _oﬁ&géi\]%eéitvﬁmcass co:(l)dritions
si @i faiy e BRRALEM L, m actice, o e prio
art miap?aﬁer{z‘a%e?n ti I zed z#:'siglneglsy_catl Vi g’é“éfe’ps%\drl ik é’%sft’f’)%"f?é‘ﬁefry
as bead activated carbon having a particle dianeter
of 0.1-1.0 centineter and nore typically a particle
di amed®f?] Fizuro! D6eh &f wiight ivighaind ATBHo@Hite:, (PEDYadddvBd 68 lited o catbbies a
V61 T 0% o el e W@gﬁfi,ﬁ%“”?;é"gﬁe%iz%@aﬁ %@%ﬁnﬁs pried
id @ markers)y s T F i
us%oo%ébogﬁuogg%, \ H%Ubl 'S e§ ‘f%br lfcaF"‘i“"‘iaie, *P0G2 o von fgkachito
uttlized hi g te ké’ > FPH G2 pelntsgrarkedby sofitporere gprers), and monolithic
pr ef ef%Bt {Prmisd fopppptvingidsnd ghigride @olimiey (Sargr A Pl Chemtli @INdata points
| evel markel by cpmdinipiimatdkead) Wit h activation invol ving
repetitive chem sorption/desorption steps performed as

many rgst 4R gl ; LN ol al. U S Pat ent
5,071 82 tdgéd g?%féeggg’é%{tmaﬁ i EP3HETET §pmy Y polymer has 2

0
surf a%’esai%ﬂyal?%%{ w5 ohidagrish Bhomhinconey liter o earbow it eithes of e bead

of  c at*BBied atigaistrnitor theTakichitn pobrisuavivmg @bl a @B Ying generally

appr oae#thd ovice it @iptitle REHng opdstnBOIVE the RERRMned P4 ST 01 to F58 forr.
hi gh-pressure gas storage applications Wj tow cz et

-al . L{O@j lﬁ’ﬁegq%a Aaﬂpolfivoqu}ei on Publication US2002/ 0020292

Al di'scl oses ‘t. opt T 1 ™ B GPiRgES OhgsRe (st pdstrbet preliter of
sor bat8*yt & FPURRAL presgeripyaly in tohyeforgdrehiat§8-G616tbead etivaeed caind (ata
t he Stokayed hosddnad makers eSS @midFoh PBvinflidAQ@108e polymer

- Bom (8d2@ Uf DR QR RBICo J( Bt B 3R) DrePiSidnnyl 235 2,
~paragraph [0013], Ioast 20 sen gpr?ce) .gumlﬂ |

[0055] Figure 2 evidences the superiority of the monolithic carbon adsorbent over bead activated

carbon for arsine loading. The volumetvic loading of arsine, in cubic centimeters, per liter of carbon
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.[0050] In contrast to these prior art approaches, the

nmonol i t hi ¢ carbon sorbent of the present invention is
formed froma suitable polynmeric .material, e.g., a

pol yner sel ected from anong polyvinylidene chloride,
phenol - f or mal dehyde resins, polyfurfuryl alcohol,

coco peanut shells, peach pits, olive
stong§6MEaﬁég§rylonltrlIe pol yacryl am de, ePEHUS2pia3437
is pressure-nol dable, 25 e.g., at a nDIding pressure

P 52 PR O BahBiee PSS ot oo
pyrol yzabl e at tenperature bel ow 1000C, preferably not
exceediOffd Setlgws irtlov0id F@le learefill densifyryataps plarsigeonghe threedypesadt elsdrbent
500C triateduld @isthissd QbKz in adiGhctiFD i e il GcRalthg/KukeBs F8-60NGR aQifvated
from Qmu,tmé@ﬂslmﬁ .08 pgrr&mé?@&&}w cmnyahﬁ\ﬁac%maﬂm moﬁ,em.

car P 0 rl]!frcqa} ﬂ% r;a.ls wg‘svév%\% fcrrf two s pqes zrulsml1 g:an aresausteg gtégg uy Frlﬂ dgmty

val ue gas st'oragd

app! i e*a%qe‘swmedrebﬁwh’twmcas m&ﬁ@eﬂﬂﬁ@rﬁ@%fwmﬂ# ¥Has on
30 pr acthingdc pfis, 4s emyyf @spded asinepediter ¢f@dsorbeptc| ude t hose
having a fill density neasured for arsine gas at 25C
and  a yikR Sk Cariife CBRGy Q0 ARkl Sotidaldd @zss@ém&t,nﬂr}&%on

grans arsine per liter of carbon adsorbent, and
pref erably. greater. than 450 grans arsine per Iltpr af

carbdn ad¥8PEEnt . [ 005 ﬁﬁﬂ%ﬁﬁﬁfwﬁu éfﬁi’%ﬁ a5 Gty

enpl qyed as a nonol i t fia@orkay bent body iin accor dance
with}| 12 WO 2004/ 0525Q7 PCT/ US2003/ 035437 the present

i NV er]tkuein 578866 tasple hut {88iICh pyrol ysi s pismuct
preferably is activated in a manner produci ng a

nonoli 'K\xﬂél\:i‘ﬁ?&-‘ﬁﬂd(é&hiﬂez?u' Hogtt—product—wt 130_1
ultrgm croporosity hajing a high propoition, e.g., at
| east 30% of.. paraosjity and anf er abhl ytat |l east 60% of

por odiTEK)hABF 1403 pampls DAL 1ores having #°%ize in a

rangq of from about 0.]3 to about 0.72 panoneter and a

signiiTakehitd ABH D 0BGantly2) |055g. , at | east 209 and 5
prefgrably at |east 30% of the overall porosity

Corrprlpsjﬁdw,r[,uﬂpﬁgpur eS [ og t T diranmeter <[ g&s TTHNONELErs.
The gctivation pr ocesc can include anyjsuitable

pr ocassi-ng-ste nhanci-nag—t-he sobptive affini fy

of t H& Narsfi™ rﬁfor the®sor bat e gas of |Iiterest or

ot herilwi se inproving the characteristic¢s of the

sorbent nedium for adsorption/desorption duty. For

'exan‘pl e, the activation process can include heating

i Nya asdy omr AhigliNBbR T ARSRRGLR thc a1 &}nsrty &fa vtk ERYBFkhe movolithic

ar gon etrlg dlsor rerrlltogls Otrcb &L tell QSﬂ) owcjf lhan orlthré% anbhmﬁcoer!ct&v%arbon
by sw an oxiI

at nos ph ?é'FE‘S %@E‘f‘f“ﬁ%"f ﬂ’& EP"Bg‘H ‘rﬁib?j‘)é‘fisﬁféeﬂtﬂ“ aé’?l'é’%?ﬁ’f’ ?"6‘1“ wag well over
bri ef 5@thighér tharihe cyedpordieg FinktsiGds pitig ndnanceplithio prtiGyed arbzn adgrbents.
atnosphere and cooling to anbient tenperature (e.g.,

room {@ap Qﬁbﬁtzlﬂ&rﬁ) Yiga Jhemﬁﬁ@%h fidnei$ iaeratr({n*ﬂo@ ﬁ@%uuyaarurs%rﬂphos;?me

process fure’ | eve

PhE° e it e oSN R ERPEI T oY | APtns

t he - Kureha 578-66-6 bead activated carbon, Takachiho ABF 14-03 particulate activated carbon, and
PVDC char monolithic adsorbent. '
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20

skill
sinple variation of

of the art w thout undue experinentation,

by

r esSpeREPLMEMENOGREET condi tions 15

and analytic determi nation of the resulting sorbent

Per f or mance, such as
characterization, et c

ofvodd) gafle ZA0En R

fill density,
[0052] Figure 1 is

por osi metry

a graph of

Oﬁl l\gc\n lﬁ?@%ﬁfg&g&%}g&r q%%m%l Mﬂfel(?lithic Carbon

for a Kureha 578-66- 6 bead actlvat ed car bon (data

n TQl/Qr\hl r\

S ke 'uy sot
ABF 14§%§I’%§Fti cul at g
Kabushi ku Kogyo, Ltd.
mar ked by soI id squar

poT Tt

IIU

gg 0, Japan)

and nD

R SeRs S o

w Chem call

Fateg 3'6'316%0 I

agser er‘lefrla:nc chlorid r
19¥5 Xdat a poi nt s nirgE'éd by open

E‘)ﬁglté 0 at 650 Torr
?Sﬁl re (grams
Ip psphineliter of adsorbent)

tTalamgihloa&BEmFdser s).
t hat the nmonolithic d
as a_substantially

[R323] The data in Fi

arbon formed from PVIDC

hi gher wei ght of adsq

gyfe 1 show
pol ymer
r bed

pPEBphdae per liter g
P5 activated carbon 4

fo.x88r bon t han either

of2 the bead

dsorbent or the Takag

hi ho

*%E BRctRRE cgﬁl

- employed.

particul ate activated carbon adsorbent, being
g 0061 aTheyresmits @ Tbd2 EwinCiBatt the msaulirid yaebdnqaa@lir%t (PVDC char) had a fill

%ﬁ%fnnhborhe 6@ ﬂﬁ qb\ﬁ?r,ﬁgg Ea%{sghag%vn%aaaﬂve crxs\(e) ?f E%ﬁtélgll;]-in{?nﬂhthlc forms of

(mbvatecb@rltom reddoghiest, worh trfil dedsifyAmHESYohasta @y R6iH bPIaE oh tHeider of 100%

: 0 f ion o ssure | evel
Plenct YW ShuBal HCR, B afis %ﬂ@aﬁ%aﬁ)ﬂe@aﬂaﬁm of activated
peitets mar ked by solid di anond markers) and carbon

formed from pol yvi nylidene chloride polynmer 30 (Saran

A, Dow Chem cal Co.)(data points marked by open

t[Pi]@d]BLﬁ srbateeliuicbregiined [0@0569110&111@11!0’ erneads@iesnc astht ﬂheaad practice of the
%&%ﬁtlﬂé{lﬁ%& bé Qiea Paltbiet rboporadso b

bead activate car at lsl,lfﬂhuem 3“5“@3 © %ﬁ%lde gises (such as arsine,

b spREEy ge@ﬂ@ﬂeagdﬁlwgmelﬁo alis pmybtri- SIUbBtltLllEddl sfareentg, rxﬁdybsfﬂanes of such types),
AR B0 S0 B0 SO ERER ey s, )
[FBFE1T TRITemeElip ovmnegisorsbent over the pressure range of

O tort to 770 torr. [00561 Set out belowin Table 1

ﬁe Llh density val ues of arsine on the three types
0634 dtvsyatite sorbale @Ry Wrgedha cuswetills Blovbleiand dispredbld iprhe practice of

\he fﬂw&iﬁ@hl iRlulie sil6,| deghhAAg, Aﬁiﬁ@gﬁosﬁ&a gﬁosgerge@igoranc
carbon, Takachi ho ticul at

éE‘f*f‘?fj}Yg@gwE@ﬁ hygogempsptymidenaidrogertsilinids pitteussandsehtdragen cyanide,

gennane ammoma

. E&@lbn@ﬁmﬁ@ helBit@hledhRirMeS haMalHRked bfc%mé Wori@! Rk Sty compounds,

ﬁlsn ne pressure of 650 ton. Fill densit was

ty
A eesudsi Fhf2badis ClasClisakisFor Sids detsadhalides, etc., and
gf
volunetric 'S, Op%%gsﬁgﬁ%fas %‘%ﬁ:’)&l’ %%}uél} nsemrf)uum gallium, indivm,
[tineglen, @fltﬂa@@o‘-ﬁlﬁerﬁold ﬁ@@ﬁm Tadoligurd, etdr Si ne Capacity on
Non- Mbnolithic Activated Carbon and Mnolithic Carbon

[0064] The pressure at which the sorbate gas is stored in the vessel may be any suitable pressure
appropriate to the application for which the gas storage and dispensing system of the invention is
IHustrative pressure levels. generally useful in the practice of the invention include

pressures not exceeding about 2500 torr, more preferably not exceeding 2000 torr, e.g., a pressure in
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10

15

20

25

30

Adsorbent Fill Density at 650 Torr Pressure Fill

Density at 650 Torr PressBrxCEMgrRAasEEEar si ne/ gr am of

(granms arsine/liter of adsorbent) f adsorbent) Kureha
578-66-6 (sanple 1) 0.51 301 Kureha 578-66-6 (sanple

2) rgd of B0 abdlia RA®I thebdABESW4e0 31 reeampbtactivyly QrobbabddiR0 torr to about

h h BE. 14- 03 l.e 0.55 319 P char
(ARSI o st Such RS TR iRmedRus i P55ty o) e fighe, g storage and
[ 01@15@);11@ hesselegpictlly does Tiable@cded shauy J0Datbrrand ehet kterefl idab may be at

tbassforthe nqglithic car

CSRBlroto e Best e RS % b Gt Ruhe! D orpit g Rutor.
nip96sioRightethis@ salwdriatiatepebsandatibo bf a stoagy eindetivery b@te hdcording to one
deng,oi%@{e fo%he nolithic carbon adsorbent on a
vol Ut ™ & 'Ba8Te " s wel | over 50% hi gher than the
corresponding fill densities of the non-nonolithic

a a adsor ents Tabl e 2 bel ow, s .

aﬁ)g)g&:lr g;g g%)n tl?u? Q Qrage an gcnf yg %)étbﬂ 2% COMIPTiSES a sltcir;iiqe and diSpensing vessel

d&(Histhatyis joared eists @(ppqn bm&pﬁltoraeva% herd 206 eorhl.’frfsmg phuy pés diqfcnsing assembly
{ C U S connect |

P00 E P IPA R o0 BB YRS s R O0F o ads REF st D alibe rmed of any

cantblda , maferlah oh lobn"stlwﬁﬁn 1ég.0 Bompaistnlz codterfab sacnht awateﬁt% glasses, ceramics,

Rﬁk?ﬁ%ﬁ@%&#‘ éﬁ%ﬁc %@éanc]saB lmeanaggls Pﬁﬁl&raﬁve metél;%or sucf‘h ypurpose include
otiedNortritesn oliedlt dhnmmm,tcpma:t éths Chrdoomn alamﬂOM)ﬂheﬂemﬂ Fﬂhc valve head is joined
Sér 199&[1]15; 0%%@&1%%?_6 foa %Berg?n Sélc)itl(% taii?. 1?50 -Ic-l%rg(r)seg thelaem a apressure transducer

nSIty at ure (grans sure
phds phiiney ppraaof 2kﬂ1fms phigng/ the tispenelﬁg asksmblpenth) inert gas, a mass flow

104 ek 1 hghaaBt i b s FiZ ot G BRI S 212 curing e

r@wmlsg preraliaipland 2 fiérGAR2 fdraemeies Imitwlate‘s fiom thadibmnsed gas prior to its
ﬁ%@ @P%Pgrggga&mggg afill 5 density on both

melg nd Vo is that were above those of

t he non-nonolithic fornms of

[0067] The dispensing assembly further comprises a coupling 224, for matably engaging the

dispensing assembly with downstream piping, valving, or other structure associated with the locus

of use of the desorbed fluid, e.g., involving a semiconductor manufacturing facility such as an ion

implantation tool using the dispensed gas as an implant species.

[0068} The fluid storage and dispensing vessel 204 is shown partially broken away to show the

. interior monolithic sorbent body 205.

[0069] Figure 4 is a perspective view of a fluid storage and dispensing apparatus employing a

rectangular paratlelepiped fluid storage and dispensing vessel 310 according to another and

- - preferred aspect of the present invention. The rectangular parallelepiped fluid storage and dispensing

vessel 310 is equipped with a pipe valve connection valve head 312 and handles 314 welded to the
top face of the vessel. The vessel 310 in a specific embodiment is formed with a welded steel wall
construction, having a square cross-section along the vertical (longitudinal) axis of the vessel. The
-walls of the vessel are 0.100 inch thick carbon steel, and the interior volume of the vessel is 3.62

liters. The handles 314 are % inch rod stock, formed into the shape shown, and welded at the
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~activated carbon adsorbent, with the fill density on a

volunetric basis being on the order of 100% hi gher
than the volunetric fill density of phosphine on the
non-nmonolithic forns of activated carbon. [0062] The
sorbate fluid retained on the nonolithic carbon

adso the broad practice of the 10 present
|nveﬁ??§ﬁw%%ﬁ be of any suitable type, incl utifgPyPss?
exanpl e, hydri de gases (such as arsine, phosphi ne,
gernanﬁwdﬁgh@@ﬁnggngm, di-, and tri-substituted

- si |l anes, al kyl silanes of such types), halide

gases &%ﬁqg s boron trifluoride, boron trichloride,

hal ogé PP EB Ao fi pipssvelvetopnedionsypli heaid o thepadably engaged
or gandtie faresielc31® dnp 34 tiledned @G ] Thb kdhid Sibal @y ¥Re sny suitable
sor baterbgatpospeag sifie pbrivatve R4S ddSHEE Wivd YadS b-85: 3R BeANG:.

di spensable in the practice of 15 the invention

i ncd u [ ne phosphln phosgene,

di bor i"@?j T“ﬁﬁ%gﬁ%%% P e S g 1 e+ momolisic
sul fi B ’érf%@?“éh?’"&’é‘ﬂ el g empnalitiic] ssq we, inotade one or
nitr oﬁ’?‘“ﬁwlld@ulﬁmmwewmwanﬂm@leach el e e duleparalidBiped
deut estagedtbortiye foitd dEpe of tiliritedl® v bBEIVAR), as Q{egg&lp&scﬁb o,

fluorine, and |od|ne) conpounds, i ncl uding such
CONMPOWRAS ;a5 vE Cl2. CI1F3 F4, S|F4 bor on
ha,i d H' PL¥ay gpgm?w Or g5Rd mg&”f dénetg 8 freratiop foat e praptiged

such as “5 {ﬁ'r’f’?‘i‘?ﬁ mmffa‘i"?sﬁtﬁﬂ* wih f1ohearl @Fﬂf’s"gdﬂledmumwrﬂm witie the
20 t uBtrsiorkns begriesonibetiyrein with rof@ence tgpieitly foqdads agebis A embodiments, it
gadolwﬂmuwu@ekcmmMEﬂﬁA&mﬁhﬁtﬁ&@ﬁﬁﬁﬁﬁn@&mﬁﬁMQQMQQQEmmmnm
sor bat: gasiolsSmetrQk&H add Qmﬂogﬁen\ée SASm%

,¥h€ 1RVE!] 1
sul Labl.g PLESS .S, SBR) ORTE 1D LHE SBTT ?,?‘f; AR

|nVenWPBﬁwF@”°@Wﬂ?ﬁ?@éﬂﬂ$ﬁ¢d%@¥at|ve pressure | evels
general ly useful in the practice of the invention
include pressures not exceedi ng about 2500 ton, nore
preferably not exceeding 2000 torn, e.g., a pressure
in 15 REPLACEMENT SHEET a range of from about 20 torr
to about 1800 ton, or nore restrictively fromabout 20
ton to about 1200 ton. For applications such as ion

i npl antation, the pressure of the gas in the gas
storage and di spensing vessel typically does not
exceed about 800 ton, and the stored gas may be at
subat nospheric pressure, e.g., a pressure in a range
of from about 20 ton to about 750 ton. 5:[0065] Figure
3 is a schematic representation of a storage and
delivery system according -to one enbodi nent of the

~invention. [0066] As shown, the storage and di spensing-

system 200 conprises a storage and di spensing vesse
204 that is joined at its upper portion to a val ve

- head 206 conprising part of a dispensing assenbly
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i ncl udi ng manual actuator 208 for the valve head on
the cylinder. The vessel maygbe fornmed of any 10
suitable material of construction, e.g., conprising
materi al such as netals, glasses, ceram cs, Vvitreous
materi als, polymers, and conposite material s.
IllTustrative netals for such purpose include steel,
stainl ess steel, alum num copper, brass, bronze, and
al l oys thereof. The valxﬁgﬂgigghg joined by neans of
coupling 210 to a dispe uit 212 having

di sposed therein a pressure transducer 214, an inert
OWhA S cbithdd 216 for purgi ng the dispensing assenbly
with inert gas, a mass flow 15 controller 220 for

mai ntai ni ng constant flow rate through the dispensing
conduit 2¥pilddisoregy avchdisperding pesebéomgrisiiaan Aiteriomnsoludil Havang
filter 222 for renoving particulates fromthe
df%‘ﬁ%’ﬁ%“é@ Yadsopertdhat is ghatapierized byt hzst g of theofivildvtieg characteristics:
di spensi n ssenbly. [0067] The di spensing assenbly
furt h@)r C %r@ (Aprsibemensuees fiy) arsing easai25°G a5 prewsia of §50 eomthaisng

. SPensi ng. ass Iy wi.th downstream pi pin
%E%?fné?aggmgfggﬁp%ﬁEE@%ﬁ?@“&ésociated mﬁ?hpthg | ocus
20 ofguse S e,d., |1nvolvi
sem c(gﬁ du gﬁ%ﬁfbﬁg’ﬁ g ?\%%tﬁ g%?sﬁté 0#153@ PP %t e HS’%%SY'EIQ’Q?% fores

ha¥il @Kikeah b ARgeloPRbm MR ]
TRl At e pocs g SSRGS bl BRERIRS, 403 R AP or e
dics b passitn eprpeisehicdRsesioB dishMMR 2 RfHokk@k.layq br oken away

to show the interior nonolithic sorbent body 205.
[006%)) Fi kpuiinga Yulk densitypefrap eoti0se toubeinr 0 frafs hdr btk centimeter,
storgge_and di spensi ng apparatus enploying a 25

r ect Afigjein gid adsorbend iedopfeinphid sfid interibr sdlotcafyesomiikly retaining a fiuid

ég%$ensing vessel 310 according to another and

& i vhigh dheitluisiis deprsbable das diapenging fomttheomsselThe

rect angul rﬂ@arallelg%iped fluid storage and

di spénsi n@e &'giage 284 pisheasingyppss) pledpinpd thergingshig absorhng
SRR | val ve head 312 and handl es 314 welded to
cﬁﬁg &%%B&?ace of the vessel. The vessel 310 in a
speci fi c goRagloent 4§k d with a welded.steel wal
construction, htavéig:rélt ad ‘gsf’se‘gsff r eesse\t[:\%%g' st %2@??'8 ﬁa“i‘l‘dé?f i he

conirikds @ Blondlith@N@ibbiiiikdigth) axi s of the vessel. The 30
wal | s of the vessel are 0.100 i nch thick carbon steel,

and 4 he iThd @ifid srage Gkd dBperRing V31 of BRAFLY, filrther Sorfiisink b [4leS -

- The handles 314 are '/4 inch rod stock, fornmed rnto
heatheouplirtip the sésepior digrrosinprlededd fdid frddethd GsdD 2004/ 052507

~ PCT/ US2003/ 038437 respective ends to the vessel 310.

[00701 THie Tidstveass indglispansivgvesst! of Heimp@| Wiereivdaidsralve head

- _connection val ve head 312 is threadably engaged wth
CoOpREseyageblepplve.ny 4 11/ 2" pipe thread connection. The

val ve head y have any suitable nunber of ports,

i

e.g% si poraes/and Jispaeingergssel @ rldim powherein theadbebeahas a

val ve. heads, e
_ﬁlﬁfepsﬂ; ;nea%urecp for arsine ghs at EﬁC and pressure of 650 torr that is greater than 400 grams
arsine per liter of adsorbent.

7. The fluid storage and dispensing vessel of claim 1, wherein at least 30% of

overall pprosity of said adsorbent comprises sfit-shaped pores having a size in a range of from




5 [00711 The rectangul ar parallel epiped fluid storage
and di spensing vessel 310 camtains a nonolithic
carbon adsorbent in its interior volume, wherein the
nmonol i thic mass may include one or alternatively

mul tiple nonolithic carbon bodies, each preferably of
a rectangul ar parall el epi ped shape to conformto the
shape of the interior volunme of the vessel, as

pr.evi qQusl cribed. [0Q721 It will be appreciated

£ P8¢ O?rﬁ"eab%‘&ﬂgg §?"f’1“8t?fsa“£\?f 25t0° glHfe Qypralf pzositncPERESeR RictpR]feS
b&ﬁﬁ&é%k! ed %&{ 10 in a wdely variant nmanner,

consi stent W th the broad disclosure herein.

Accor gi ngl ¥he ik sto?ag& he dlsﬁeHsYr%QHfSé? Br i 1,%§£in%%ﬁsrolbgrﬁ ﬂas a

herein with reference to specitic at'ures, aspects,
itk deOEHfTRIAbS 0.88 to ab¥iul 1.0 PAnsHECIINIZGEtdhat t he
invention is not thus limted, but is susceptible of

i mpl efent dftiedinidistorag©dntl Gispensing ivastdl GNim NBGekin GRlaidMSt &and
enbodi nents. Accordingly, the invention is intended to
[sbacacksrierd &Y 9t leiae efifedoliveing leoapass: al | such ot her
variations, nodifications and enbodi nents, as being

15 wi t hi n ®he &8 densiyrmepsueed for graing gap et 2RErand pressureef 650 torr
claingd“ 17 1 THE CLAIMS Wiat is clainmed is: 1. A
f1 ui dUESHBE AL gramputieg it ebaderbepto npri si ng an
interior | une havj di sposed therein an adsor hent
that is chdrac té?af%\zég‘?ﬂ%Bci)’e%'?gqmgg’é‘ffs?i‘ﬁ"édg?fpe“f ‘P?E‘p?sérlglsg‘\ﬂgﬂ’ﬁd
char [ Sl G5 ; I [ asured for

arof rarSbiseSBe n bl b tou PR bl SRR g st

gr eat®e, dr e Bvelibolk i EBm s ﬁF Rferopérts dr hi‘;lﬁgteerZ r@guz%{eg,eﬁlh :

(b) at |east 30% of overall porosity of said sor bent

conpri si ng)sl i kavip apeieldepaty 8Sfron! 1Mt 0.90 B aSduf £0 bAmSper &BRE
of fromabout 0.3 to about 0.72 nanoneter, and at

| eastee@@¥tenf the overall porosity conprising

m cropores of diameter < 2 nanoneters; and (c) having
~a bullR dehbsi ffujd stfragk prglidispdpeing ve@el@0cliio 1abiotin tBe Hlsqbean’s

er cubjc centinmeter, wherein said adsorbent is

BAGeREHY ofch ok the Epllpwipashprasteristishume f or sor ptivel y

retaining ? fl%if thereon and fromwhich the fluid is

desor babl @ f or® [t EHERSrAEHPTRNE Bas 225X @ pressurepfies0 tore

1 ui nd. di spensi ng vessel of claimi1l,
mherg?ﬁgééﬁgﬁ? g@% en mm%%ﬁ%?ﬁ@@%“%%¢bon. 3. The fluid

storage e{ij diySREMILNG GR gﬁl)si b Gl A n}b%rlt c%n@p?éi%%s‘?i{—%aa;lmq
adsorbent " conprises a nonolithic carbon adsofrben
pores having a size in a range of from about 0.3 to about 0,72 nanometer, and at least
20% of the overall porosity comprising micropores of diameter < 2 nanometers; and
{c) having a bulk density of from about 0.80 to about 2.0 grams per cubic
centimeter.
11. The fluid storage and dispensing vessel of claim I, wherein said adsorbent has

been formed by pyrolysis and optional activation, at temperature(s) below 1000°C, and has a bulk

 density of from about 0.80 to about 2.0 grams per cubic centimeter,




4. The fluid storage and di spensing vessel of claim1,
further conprising a valve dJdyead coupled to the vesse
for dispensing desorbed fluid fromthe vessel. 5. The
fluid storage and di spensi ng vessel of claim 4,
wherein said valve head conprises an actuatable
valve. 6. The fluid storage and di spensi ng vessel of
claim1, wherein the adsorbent has a fill density

d f f
ot that e BiEure 3@%5%%%%@/%? ki i e ediwgqnévasa

Sgnglgg@er@mgat is Zeleftw nﬁe lrhg Fr st r?st?%s%fg@g% ngqgeaﬂ
porosisy OfnsiddRdsSaN G@ﬁhsu@%&a oﬁaamﬁ%g&g?@ga.gﬁg%o%ﬁc%m

having a size in a range of from 19

atiptiseOa sTiglemnommé fiicle. and at | east 20% of the overal |

porosity conprises mcropores of dianeter <2

nanome#.er sTheGluid Flomgd dnd Hiehesdimpvage oBdGin 02, SYPEES tha ghoMBmSeFbrm

of claiml, wherein the adsorbent has a bulk density

ofompriseYA rRitiEnieityOf gigerateonanblishit arficlé. grans per cubic

centineter, 9. The fluid storage and di spensing vesse

of cl &m 1The\ﬂﬁlé|8fé'ia$9 anthdispgrsig veseshef claim 14 hereie the miepiergolpe
f.ollow n characterlstlcs (a) a

f
e Gl Rissen o rmony et e seseting
82 hat . § han 40
o o i porte b aﬁf%e?fﬁlgwesgei f LS =
%‘fﬁfdé"sl lsochQﬁ H§§s th){t l?éonﬁﬁﬂeg mas@§ Qr[dk%%[% to%ﬁ)enﬁtrmo% voqg? off the vessel

slit-shaped pores having a size'In

about;70. 3 "ﬂh@ﬂﬂ@ﬁéﬁgeQnd@:’sp&@nﬂ@@ste%f’claﬂnf* @l‘ierénﬁtﬂégorbela%ggs
of the overall porosity conprising mcropores

dicapiwtiem akoul 7310 @BRE BHSf tha MekribCholuli@ b M@vedse Ul K d ensity
of from about 0.80 to about 2.0 granms per cubic
cent i ifet ehe d stoFipe addl dispehsisg @b claindl, dhSEELMS hddgbent is a
vessel of claim1, wherein the adsorbent is

BYielysE@radnt ok oggniesgh of the fol | owi ng
charﬁgterlstlcs (a) a fill density measured for

arsi é gad® f‘aflwdz%gaﬁ’& dispeagun Hetselof clHBO, harain the dfsarbentsis a
eater ] ﬁ? lgq rsine per liter of adsorbent;
‘%B‘BY e\ “‘?Eﬁ)& Feclsd dpa e spur weritipe B?P"E%i‘mﬂ‘d%%?'ﬁ@nt

ARSI dg%é% res having a SI Lange

OQ{EP lotta agy si gg]fﬂgj%é%o u@] Cogayiu glﬁ eiéfn?fa%tplts o e

_s'tcﬁ@?ﬁolyacrylomtnle, and polyacrylamide.

20. The fluid storage and dispensing vessel of claim 1, wherein said adsorbent
comprises pyrolyzed PVDC resin.

21. The fluid storage and dispensing vessel of claim 1, further comprising said fluid
contained therein, wherein the fluid comprises a fluid selected from the group consisting of

hydrides, halides and organometallic gaseous reagents.
22. The fluid storage and dispensing vessel of claim 21, wherein the fluid COmprises

a fluid selected from the group consisting of silane, germane, arsine, phosphine, phosgene,

8 diborane, germane, ammonia, stibine, hydrogen sulfide, hydrogen selenide, hydrogen telluride,




20% of the overall porosity conprising mcropores of
di aneter <2 nanoneters; and fx) having a bul k density
of from about 0.80 to about 2.0 granms per cubic
centinmeter. 11. The fluid storage and di spensing
vessel of claim1, wherein said adsorbent has been
formed by pyrolysis and optional activation, at
tenperature(s) bel ow 1000C, and has a bulk density of

80 2. . ' . .
c SRR by b G ?ﬁﬁét?r%t?%ﬁﬁﬁdgﬁﬁq@?@wm i
VaRafL o iofihRL o BiRlofalRalid ASRLLENt has a

monol ithic formthat |s s romthe group
consi sf3i Ng TR M 9% andbﬁsb&lgxﬁg ve%@ld;f QQM'Z? Swherex]'n%he ﬂma%as a
fluid storage and di spensing vessel of claim1
whessat i stith eitefiomoluint it excb@hpuboaBPrbses a si ngl e
nmonolithic article. 14. The fluid storage and
dispeﬁ%inngéb@bmmaﬁmﬁwammm¢g¢$mhéﬂemalWheemnm®MMhhmc
form conprises multiplicity of discrete nonolithic
aP@?%T@§MdT@“mTﬁ@mfW@nggﬁépmg@mhﬁhbdmgﬂ&ﬁﬁwng vesse
of C|%Iﬁ1l? wherein the interior volume of the
vessel*cont %y sfogggang H’éﬁ?ns?’? "ﬁ‘isﬂ ef daira 2 hpyiespin thi flgid
gﬂéa w“memsm %ed adﬁorbent e fluid storage and
%n5| ng “VeSseEr "BrmEAiFe r\‘m@ °é‘ {49 t%%hoﬂ S3YEBr bent
provi g@ S 91“3%8&1 é";%& Jis tepsﬁté vés?elg C am? Efrgv ?rem thik}uu? and

shape to the interror Vol e VEes The

fHadld HlessihOih 3BEIRRG vOILSLEYD ﬁfnélag)f Yibim §t%lu% ! 1o S 750 6

wherein the sorbent nmass occupli es om about 596to

about 205% 1k 1148 €todagd 184 HiQensih@ k3488 ofQAfaink f‘lew}{é?é:?ﬁé fluid 8-
The fluid storage and di spensing vessel of claim i,

st sebamdsiherigpleairdie tid indrid volayd. 0l ysi s product of an
organic resin. 19. The fluid storage and di spensi ng
vesseld. of Tk Quidstdragewhddipensing eschefshinbb Mherkis tha vessel comprises
pyrolysis product of a material selected fromthe
QPBBBW@%H§#§W$WKP%H ponV|nyI|dene chl ori de,

phenq] - for # f de resins, polyfurfuryl alcoho

coco storage Atthdisepnsing ‘éesseééc Slakn 2§ Whereingpid pstal is

acr n|tr| | am de. 20. The
?"15'38@‘5& SR Es*&‘ilrgfaw%s o gy > GEPRTTraps; bronze, and
Mﬁﬁﬁﬁ%ﬁfsald adsorbent conprises pyrolyzed PVDC
resin. 21. The fluid storage and dispensing vessel of

claimpl, &gy ﬂu'ﬂﬁfora%@ﬁﬂa 'His gt% v%@bl%f Lihi Idw e ﬂﬂh ?l%nt has at
therein, wherein the fluid conprises a [ ecte
TedsCROVatdlff s GF RHthPin GOBSH it IdRBetd of less than 2 nanometers.
31 The fluid storage and dispensing vessel of claim 21, wherein the fluid comprises
boron trifluoride.
32. A fluid storage and dispensing vessel comprising a valve head coupled to the
| -~ vessel for dispensing desorbed fluid from the vessel and an interior volume having disposed

therein less than 75 discrete monolithic articies of a monolithic carbon adsorbent, wherein said

valve head comprises an actuatable valve and said carbon absorbent occupies from about 75% to




hydri des, halides and organonetal | ic gaseous reagents.
22. The fluid storage and digpensi ng vessel of claim
21, wherein the fluid conprises a fluid selected from
the group consisting of silane, germane, arsine,
phosphi ne, phosgene, diborane, gernmane, anmoni a,
sti bi ne, hydrogen sul fide, hydrogen sel eni de, hydrogen
teIIuride 21 ni trous oxi de, hydrogen cyani de,

e deut er at ed hydrldes hal i de (chl ori ne,
oy B0or 0 g RBe S sl et ety of o

o]rFeF=Talo] conpounds. 23. The fluid storage and
|spengahgh%%§§e of claim2l, wherein the fluid has a

p ressure I %S al ﬁ_” C@# jsur%o%ne%gscft %Xé II"CQS%TG 0?9516&0

2500 tort. 24. The st orage S|ng VEssel
of cl ahatsgkaterthrg u g’ﬂa:ﬁslﬂ%mra bes IhQr Ha&oMent,Pr €SSUre in said
interior volune in a range of from about 20 to about
1800 torr. (v25. allesst S0bakifdverdiipbRGE oA atlofRR BShGinY 88 $Bbed
of claim21, wherein the fluid has a pressure in said
i nt er ivetes haphgmezeiima range affgan abbut D13 emabal 002 nadGmdi@, DM Uast
590 tgon. 26. The fluid storage and di spensing vesse

of cl &P%eithe ovomibpasestly eomerisiiguietovess ofdigmess S 2inamoieters aid]

interior volu i.n a range of from about 20 to about
750 ton. ). Pyviner bk Ge"é‘ﬂ’d’rf £eyn 2boueD-Hitarvev Siomepmy peysultic
of cl 2L wherein the fluid has a subatnospheric

pressuPem?% said interior volune. 28 The fluid

t wh
Storagg awmgbo%%?ﬁ%@%tpé/ %%s%lec%f clo l.m salf;{ me&'ﬁ%ﬁ"fﬁ%‘é%’?g@ﬂmgmg a

vessel conpri ses erl a

%Qr-olyﬂﬁﬁ nfalebd hieSt s@ﬂp@%ro%ﬂg ﬁllla gﬁ&%bl@ Batd &P i?n%hr é)?Igo P(g’ﬁ gc;nmttons

28, wherein said netal 7is ect ed ron1t

Podging tstidgis@bentS b @ corpSrh e Bl € £BorSdnBiBlh saiddekidl NUM
copper, brass, bronze, and alloys thereof. 30. The

f1 ui dBist oTageetaddf diis P& MathaGompsaRlactRiting bad Asckbent.
wherein the adsorbent has at |east 20%of its
por osidty iThe pesirod of clditn A4, avhetein said etivatifig dompidsed dxpddurd of said
W% nmeters. 31. The fluid storage and di spensi ng
B to @ poneqxidizipg prvirogheat as plavated eemprating, feltvwpd bysexposurb of soid
32. A fluid storage and di spensi ng vesse

adg‘?‘f%ﬂ‘ytgf’%@“dél"\gﬁ?‘i}'@“‘?@bd coupled to the vessel for

di s sin eso f.romthe yessel. and an
i nt gr%lgor %‘cfﬁnu?r]eé ?@I.}f%\?f"h&gygﬁ%ﬁ'b?@d“m'f’ﬂ FiRg Sqvirquuent comypisess

Mgl ete monolithic articles of a nonolithic carbon
adsor bent, wherein said

37. The method of claim 35, wherein said oxidizing envimnment comprises carbon
dioxide or steam.
38. - The method of claim 35, wherein the adsorbent is cooled in a non-oxidizing
| environment after said exposure to said oxidizing environment.
39.  The method of claim 38, further comprising charging to the vessel a gas for
which the adsorbent has sorptive affinity, to adsorb said gas thereon; sealing said vessel to
enclose said adsorbent holding adsorbed gas thereon in said interior volume of the vessel; and

coupling the vessel to a dispensing assembly for dispensing desorbed fluid from the vessel.




val ve head conprises an actuatable val ve and sai d
carbon absorbent occupies frogn about 75%to 22 about
95% of the interior volunme of the vessel and is
characterized by at |least two of the follow ng
characteristics: (a) a fill density neasured for
arsine gas at 25C and pressure of 650 ton that is
greater than 400 grans arsine per liter of adsorbent;
(b) at l|least 30% of overall porosity of said adsorbent

conpr i ¥ ng Teymathod REGhim 39, pdiereis saibagrortigntcaypipeiranyabeit 7 ¥hige

of, fr out .0.3 to about 0.72 nanoneter, and at
I gbé’%ttggwfg@c? '6‘%3”??{81"'8?/ %1 ¥e*Hor osity conpri si ng

m cropgr espf g er <.2. nanoneter.s: and. havyi .
 but T gend iR Rt o0 650 R i e g7 il Fom
PAE vesdPh a sénfiddhd Bl lﬁzfnufag’moﬁng%%é%iBHOd of formng the
vessel of claim1l, said nmethod conprising: nolding a
pyr ol yizabl & niFb®sfis@ting MY BsRnsHizARK usiRYh Yl dSaitae

pyrol yzabl e material under pyrolysis conditions
proagisignisastgigchdele O 4o Enin theadsdrbem GRAMPAMA bdid s Sath fhe vessel.
adsorbent into said vessel. 34. The nethod of claim
33, fd¥t het metbednfsigiinggndditpensag i gy uginy thk wcislof Hamts, 35,
The et hod of claim 34, wherein said activating
chﬁgp}ng;éigm%@gs@fbéd %6 frem the adsaifiens pivkagtuating thg actuatable valve in the

non-oxi di zi n nvironnent at el evated tenperature,

f"Sq‘]‘f '&7\%6" ‘f?;‘f gg&fg%fﬂ? ws5fand drqysh thejciptahls valve.dorgas dispensing.

oxi di zj ng -envi tonnment .. .36. The net hod of cl ai 5,

wher eiﬂh sall% a"n o%fogg 1 ﬁ&reé‘\l}g‘i FORPEHS "’c%i‘ﬁff’??@e om the group
Qbr{sfsﬁ%%@arsigé?phoyﬂﬁe rﬂﬁ&r&%g sr{qgefnidg,lé@&rglcggr? %%Uﬁt e,g}rﬁg)l%rl]l zfﬂilgr?de, baron

oxi di Zi ng envi ronmeht conpr

$ifRarBe, b3fon &%hﬁrid@%it@ﬂe,%m&ﬁy@ilmeﬁézmmgiﬁﬁepdigiﬂﬁe, silane

adsorbent is cooied in a non-oxi di zi Nng  envi r onnent

afrare, BabigarenpaIStigeobedaitgl OXi di zi ng environnment. 39.
The nethod of claim 38, further conprising charging to
t he V@sselA metigd of thaanfactudtiz @ Bentitved RGP @8 tvesha 5F cfedh PL i Ve
affinity, to adsorb said gas thereon; sealing said
FEPYEPE: flosorbipgrdsesbed gesefiorh thakslonizetind fiotin said gadsanizodssegdaso
thereon in said interior volume of the vessel; and
LYHPIdigorrauEYissppeplion di spensi ng assenbly for
disp%gsingsgesorbed flgid,fron1the vessel . 23 )

. miconductor manufacturing apparatus comprising the vessel of claim 1

coupled to a semiconductor manufacturing tool.

47. | The semiconductor manufactuﬁng apparatus of claim 46, wherein said
semiconductor manufacturing tool comprises an ion implanter and said gas cornprises an implant
species.

48. A carbon monolith prepared by a method comprising: molding a pyrolyzable

- material into 2 monolithic shape; and pyrolyzing the pyrolyzable material under pyrolysis
conditions thereby producing a carbon monolith that is characterized by at least one of the

- following characteristics:




40. The nethod of claim 39, wherein said adsorbent
occupi es from about 75%to oabout 95% of the interior
vol ume of the vessel. 41. The nethod of clai m 40,
further conprising dispensing said desorbed fluid from
the vessel into a sem conductor manufacturing

operation. 42. A nethod of storing and di spensing a

gas using the vessel of claim1, conprising:

desor bi ng sorb gas from the adsorbent and flow n

sai d gas f?agm t%@%"é‘%‘?é’l‘e.as“‘eﬂsﬁ.’r SinTephd > 6f 2nd Prsppis §F 5%’0‘0“

di spensi| S i ng the vess f claimb5,

conpr iq%tlk ﬁg’:&%ag%?) ¢ %]ls%a&%ﬂf% P%Z’%r gﬁ?g@f‘@ﬁatﬂﬁe adsor bent ,
and actuat phg t ! i.n the valve head, .
fo 11 ow gat fr et Ry APkl B kB b BF oG Bupffsne
val ve shadb@f pogtaSavibie SREH R dNbhge $roml LHEutHBLL lQT.’/’qula%'rrmer‘} 3nd at
wherein the gas conprises a gas sel ected ?romt e

gr oup leag @05 bfthd dveraldpor@ i loiPrisila APk 65 didMeRF 29 Bfhometers; and
sel eni de, hydrogen telluride, nitrogen trifluoride,
boron tri®) uonildd désionf fromcdbbard.gbete sholror.Ngams per cubic
trimethyl silane, tetramethylsilane, disilane, silane,
ger mafEimgeigwhsredieaid inerplaiy donditpas @optsen eapeniss belds 1006°C.

met ho? of manufacturing a sem conductor using the
vessef? of T girppnmonolthyehslajm 48, baving a &8 densiigmeasrers ftyasing gzs at

f he ad t d flow id f th

7 MRaRS0 ER L et i et W prRICBRD
46. ' J f ' 1.Sing.
the vizsol orrf Bt R o LRREIPL TR o e

BRI RS &cﬂﬁirigegglt-sha?%' po;lt:. ﬁavﬁgms&g) [gnqiurg Qb from about 0.3 to about
manuf act uri ng apparatus of clai m 46, wierein sal

S hOOBECAn lat IBRNLPASH the bvadll bRty CONREds RS0 Rks bPMameter < 2
i npl anter and said gas conprises an inplant” species.
48omgdercar bon nonolith prepared by a nethod conpri sing:
nol ding a pyrolyzable material into a nonolithic
shape’l. and@hguparboh yendlith dfkelinp48; ehsrzia kdidpyaaisarcoaitionneb@iprise a
{%r olysis conditions thereby producing a carbon

PREALETE preievh HR00Cs ansaid sarbay monelith hys sabulli deasity of frem @bout A0 to
fol | ]?JWI ng characteristics: 24 (a) a fill density
RY 20 BRES pELublGeiimsiegas at 25C and pressure of 650
torr .shat.is greater. than 400 grains arsjine per liter
of caslir'bonThr%: %?’1 T?{’f‘)[l(f’ﬁfa"ﬁf“ ﬁ%e'ﬁ?f’g B Gt 15 9edgelepd from the group
BREAR dr Yok, 1Bl dn§ BLREN MoNOl I Th conprising slit-

53. The carbon monolith of claim 48, wherein said method further comprises an
activating step.
54. The carbon monolith of claim 53, wherein said activating step comprises

exposure of the monolith to a non-oxidizing elevated temperature environment, followed by
exposure of the monolith to an oxidizing environment.
35. The carbon monolith of claim 54, wherein said non-oxidizing environment

comprises nitrogen.




shaped pores having a size in a range of from about
0.3 to about 0.72 nanoneter z2sand at | east 20% of the
overal | porosity conprising mcropores of dianeter < 2
nanoneters; and (c) a bulk density of from about O0.80
to about 2.0 granms per cubic centineter, wherein said
pyrolysis conditions conprise a tenperature bel ow
1000C. 49. The carbon nonolith of claim48, having a

fill nsi asured. for arsine gas at_.25C and .
press Ssr%-e oF B IB?fPEtP ﬁgft‘a"inéigv']‘éfﬁ% &t pylizinesrogreghomprises
alsl.pgicn& |iter of carbon nonolith. 50. The carbon
nmonol 1th of claim48, wherein at | east 30% of overal

POr osishy Ofhoadbéh EALRARGY ARGk Whlleif IPLEAAR, Alidohn ARG kes
pores having a size in a range of from about 0.3 10
apamt 0.72 nanoneter, and at |east 20% of the overal
porosity conprises mcropores of dianeter < 2

nanones.er sTheSarbonl menotiehr df @ini64) Ghhiededd thf medokih3 4Boled in a non-
wherein said pyrolysis conditions conprise a

t EiffFine sqolirgeenbedngent 1B 64 expavere ahid oxdirimvinomeiti t h has

a bulk density of fromabout 0.80 to about 2.0 grans
per ctbi c hefiberemetolitho clajpd8.cdisppst impsad sterpgecid disrnsing
%@; having a formthat is selected fromthe group
coﬁ%isting of bl ocks, bricks, and boules. 53. The

car bog, nonelith of claim 48, erein said nethod, . ,
Far o "ok iy Monti ERuicsor Bipeh B S Ress T 6 piespsing
RREPbY § ProQs kbR cfhéﬁ?ﬁ% e No3dt !w?%%%ﬂdv RS & S hotith nas
conprises exposure o nonol i t'o a non-oxi di zI ng
edrpMatmein! SARSHAY M8id %Yéoﬁ;gw&e stéél {_o%\’]\ﬁgge IH% monolith holding
exposure of the nonolith to an oxidi zing environnment.
Sdorbelifinidaiedon & aliddiof founRfof Bk Asd¥); B, coWiBS B Vess3hb 8l dispensing
non- oxi di zi ng environnent conprises nitrogen. 25 56.
Fenblyferispensippdesorbdd flofd fiohalievesdl, wherei n sai d

oxi di zi ng _envi ronment conpri ses carbon di oxide. 57.

The &ar bohhawsrber metpligf of slagi A, Sdnforning riesize mdisihpe to the interior
oxi'di zi ng environnent conprises steam 58. The carbon
YOBS1of P0Ves¥L c1 ai m 54, wherein the monolith is cool ed

in a Eon-lpxi i zi ng,.cO ILn% envi ronnent after said
expodtir e ¥8°§'WH“%§P%P§?ﬂB SAGTIPYRER fgest 60% of the interior volume

of the vessel.

63. The carbon monolith of claim 60, occupying from about 75% to about 95% of

the interior volume of the vessel.

o4. The carbon monolith of claim 60, comprising a multiplicity of discrete articles.
65. The carbon monolith of claim 60, comprising less than 75 discrete monolithic
articles.
66. The carbon monolith of claim 60, comprising less than 20 discrete monolithic
' articles.
67. The carbon monolith of claim 60, comprising less than 8 discrete_ monolithic

articles.




59. The carbon nonolith of claim48, disposed in a gas
storage and dispensing vessa . 60. The carbon

nmonolith of claim59, disposed in said gas storage and
di spensing vessel by a process that conprises

charging the vessel with a fluid for which the

monolith has sorptive affinity, adsorbing the fluid

t hereon; sealing the vessel to enclose the nonolith

hol di adsor hed fl ui.d ereon in_an interioy volune,
0F ¢ hobyeod RS ploptiibe chgh AhceoBid o 45h s imgpi
agggabl y for dispensing desorbed fluid fromthe

vessel . 61. The carbon nonolith of claim 60,

conf oregl NGTHeNtabb? Roiil oF BRRF4s! Qh&éﬁ?sagdyyﬁ:ﬁﬂz%lﬁe mMQ%B&B‘ﬁ]prises

of the vessel. 62. The carbon nonolith of claim 60,
oaouayit regn.at | east 60% of the interior volunme of the
vessel . 63. The carbon nonolith of claim60, occupying

f r om dpout The58dbénonablithi bf BEA6IE) fwhertih eaid Fytctyzatly mataaldvmpades a
the vessel. 64. The carbon nonolith of claim 60,

cBtipRl ssleres Bomnifiet grpipi condisyingy b philysmylisere chictiiie [pbeanol-foBBidehyde
The carb n monolith of claim60, conprising | ess than
7815 Sehtuyiysisghalt mecenut aehelise | Regput Ghells Tireack apitsorplive  stones,
ngpglhgﬂmof %é?in]POH conprising | ess than 20 discrete
foRor Thi & 2GRy '88%-67  The carbon nonolith of claim
60, conpri-si | ess t.han 8 discrete. monplithic . .

arti cﬁés. @E%n %E’g(.’htthﬁéla%na%b% NGRS ﬁ'zagte materipl is Rypplyzed
G ol aShd Webrdo€ 2 dgspgllgm%dfveg;eﬁcr ete nonolithic articles.

69. The carbon nmonolith of claim48, wherein said

Py ol 12z ablrge o oflithC BRIk 9ESheref baid pPBRLGIe MB&EA is p§fiyzed
The carbon nonolith of claim48, wherein said

it inyieghd seoragabeiidispdnsiOveel. ses a material sel ected
fromthe group consisting of polyvinylidene chloride,
phenoB- f oi ratadeh yrebeolitly efsdlais 64, palleyefnudatiuofyshid afiserefe lticles has a
coconut shells, peanut shells, peach pits, olive
gap@h@gt’ is between 0.3 and 1.0 times the height of the interior volume of the vessel, and a
cross-sectional area that is between 0.1 and 0.5 times the cross-sectional area of the interior
volume of the vessel.

74. The carbon monolith of claim 64, wherein each of said discrete atticles has a
rectangular parallelepiped shape.

75. The carbon monolith of claim 64, wherein each of said discrete articles is
laterally andfor longitudinally abutted in surface contact with adjacent discrete articles in the
interior volume of the vessel.

76. The carbon monolith of claim 64, wherein each of said discrete articles has a

solid cylinder form.




pol yacrylonitrile, and pol yacrylam de. 71. The carbon
nmonol i th of claim 48, whereigy said pyrol yzabl e

material is pyrolyzed in situin a gas storage and

di spensi ng vessel. 72. The carbon nonolith of claim
59, wherein said pyrolyzable material is pyrolyzed in
situ in the gas storage and di spensing vessel. 73. The
carbon nonolith of claim64, wherein each of said
discr%%e ar cles ha | ength that is between

and 1 it "ﬁ@ﬁﬁmf oI Ph e GG Y e 6?13 tas &
% aro%‘s”%ct{%ra&é%n%ﬁioﬁ%%éé@”@a gty waboy 7 AESE L is oo
| BB dr Ajor 2 f &

e Bpjor R i of WD S UESARD 1l frnsf 8 o AR dimension
artiches hag @rhof REAAMDH BIm PARALERLRIPSHd §1§U?J?@amc?e§-has a
The carbon monolith of claim 64, wherein each of said
diergythrte b@ssakdtiondl @igeison ritidf BDathatVs didl 4vdtt 4 1©RBIuE USlinhdad L ys the
abutted in surface contact with adjacent discrete

denethel wgor anis dinensidnf Be article, wel Digthe Gfnsteve onvmpiseakis didénsion.
The carbon nonolith of claim64, wherein each of said
di scr éte arheicerbensmenghh of clajy| 48 wheydin saidenyrofyaebip materipizcomprises
77. The carbon nonolith of claim®64, wherein each of

FXPG einscrete articles has a length to cross-sectiona
t 0 about

di ti f hout
20, witbr o 18 HeBp et aR 483%%?%%&?3%% ‘ﬁ?%ﬁ%gqton of
t he ) tic l’ﬁle gggg nlltgml.alﬁh %\‘h C?all'l‘:l G hbEh Sé:%%i g%ﬁmg a%gné iomprlses at least

dlnen5|on he car bon noro

Wg&it Rel&eftd ri}rontheséblg chllﬁﬁﬁ'gq}f %mfi)cr atc[dcl;oﬁﬁni ngﬁbcﬂate s&ﬂ.ﬁﬂ Q]icatc

cross-sectional dinension ratio, is from

aﬂpm@mﬁnhﬁmgaqub He. Where L is the Iength or maj or
axis dinension of the article, and Dis the transverse

or m&or aké¢ sartbonBa®litnef odfm Bhevherambaia waral fubther @bmprises
claim48, wherein said pyrolyzable material conprises
PyDeing seidlinapnol@ in aTéaesthwBbmdimmg iveskel;ahargihg@ionthe48ssel a fluid for
further conprising a doping agent. 81. The carbon _
Pf’éi?fb‘*lalfiﬂﬁ’mﬂ!‘h hep eqrmtivegTinipihie pdsprh ths Alpid thetspd: meglieefaayessel to enclose
Eg%|§e deast one agent selected fromthe group
#Bimerath Wﬁf@fﬂ tatef! vid tiegon 18 tiptaer el Pt dhearsseh asbenupie the
_ vselsslelltg 2 éise]jensing assembly for dispensing desorbed fluid from the vessel.
83. The carbon monolith of claim 82, wherein the fluid comprises a gas having utility
- in semiconductor manufacturing.
84, The carbon monolith of claim 82, wherein the fluid comprises a gas selected
from the group consisting of hydrides, halides and organometallic gaseous reagents.
85.  The carbon monolith of claim 82, wherein the fluid comprises a pas selected
. :_from the group consisting of silane, germane, arsine, phosphine, phosgene, diborane, germane,
ammonia, stibine, hydrogen suifide, hydrogen selenide, hydrogen telluride, nitrous oxide,

hydrogen cyanide, ethylene oxide, deuterated hydrides, halide (chlorine, bromine, fluorine, and

iodine) compounds, and organometallic compounds.




and di sodi um hydrogen phosphate. 82. The carbon
nmonolith of claim48, whereizg said nethod further
conprises disposing said nonolith in a gas storage
and di spensi ng vessel; charging to the vessel a fluid
for which said nonolith has sorptive affinity, to
adsorb the fluid thereon; sealing the vessel to

encl ose said nonolith hol di ng adsorbed fluid thereon

in an é nt e’{"ﬂe Erbgnorhéﬁonﬁh gtf claﬁnb %orvgsf?slr? he aﬁd gas%gn%gsure lrgsaltd 111%81‘101'

vessel pensi ng asse

d%&ﬁéﬂﬁ@mgggggm&ﬁgﬁbﬁge vessel . 83. The carbon
nmonolith of claim82, wherein the fluid conprises a

gas hexi ngritehlbbr ionokth of @itk £20WEUAGH QE AR b Prebsie i gid interior
84. The carbon nonolith of cIa|n182 wherein the fluid

coimpt hs esedlingabousBleetred from the group consisting of
hydri des, halides and organonetal | ic gaseous reagents.
85. The caFhsembarowroblith of chim ¥ whemiBls Nwidhlsrs @ presstul é skid driteior
conprlses ﬁ%ﬁF sel ected fromthe group consisting of
§PP%%@3“E§? @, abeyt 2] tpabouIf¥Spihi ne, phosgene,

glulb]? |r H&'& F%@)@ﬁwg@ﬁbr%og@l 32 S g'lgtggﬂtp%%la? %?re%ge in said interior

trou OXI n nlde et hyl ene oxi de,
%?g y r'gygﬁﬁgqpm 40 f%hlorlne br om ne,

f'uordone, ﬂ@% bl ORbRA GOUHRRUAC 0
conpounds. 28" 86. bgﬁe car o%ﬁngﬁgﬁﬁﬁﬁ ﬁgé%?aln1§%h%mﬂm
RS inkaili Reerb} woghehas a pressure in said interior

vol ume not exceedi ng about 2500 ton. 87. The carbon

monolalt h ahe @ktdh MoSlith SAVABMED WHeRR thd Alidhab@resBurPhe£iS latefior
in said interior volune not exceedi ng about 2000
vadumre.in 8Bnge i §ora alrob R toabpo Fidttrr.of cl ai m 82, wherein the
fluid has a pressure in said interior volune in a
rang@2of Thorarkeh onppolpipof daim [§duwhete80be vessal cor@@ises Bhypaterial of
carbon monolith of claim82, wherein the fluid has a
‘iﬂ’f’%@%\% ée‘?°ﬁd§@rndhq SPUPrGORSSUng Q8 Imgels. glfFses Germise vfooysrsprials,
90 tort. 90. The carbon nonolith of
%)gFﬁfﬁ m”ﬂﬂ%?é?ﬁ”?ﬁe f1uid has a subatnnspherlc

presgure

ronor Tt 1 Bf el moll a2 ¢4PRe el Fme R T ayege
Jf&m§@hgmgnterlor volume in a range of fron1about 20

to about 750 ton. 92. The carbon nonolith of claim 82,

wher ¢4.n t1R HB&SBInofR IR B3, vheldRlsSil inRlal BEelected from the group
lconsisting of steel, stainless steel, aluminum, copper, brass, bronze, and alloys thereof.
95. The carbon monolith of claim 82, wherein the monolith has at least 20% of its
porosity in pores with a diameter of less than 2 nanometers.
96. The carbon monolith of claim 82, wherein the fluid comprises boron trifluoride.
97. The carbon monolith of claim 82, wherein the vessel has a rectangular
parallelepiped shape.

98. The carbon monolith of claim 82, wherein the vessel has an elongate shape with

‘& square cross-section.




construction selected fromthe group consisting of
netal s, glasses, ceram cs, \wgreous nmaterials

pol ynmers, and conposite materials. 93. The carbon
nonolith of claim82, wherein the vessel conprises a
metal material of construction. 94. The carbon
nmonolith of claim93, wherein said netal is selected
fromthe group consisting of steel, stainless stee

al um nggm brgnze, and al | oys t hereof.
95. The car oérjla?br% H’8T°?ﬁ'ﬁf gfim L A ligretishe Yaised pisiagy indical shape.

nmonol i figh. hag 0Si ores .
with a dianet %Ebogﬁl Q;ﬁ,g% Qg%ansthr%e ‘fe%sFlé’yOfg(‘)’?'ﬁeFH%”PSta“d'“g

cambgitinol i th of claim82, wherein the fluid
conprises boron trifluoride. 97. The carbon nonolith
of claim82, wherein the vessel has a rectangul ar

par al | el epi ped shape. 98. The carbon nonolith of claim
82, wherein the vessel has an el ongate shape with a
square cross-section. 29 99. The carbon nonolith of
claim 82, wherein the vessel has a cylindrical shape.
100. The carbon nonolith of claim82, wherein the
vessel is of a vertically upstanding configuration.




